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PROCESS FOR PREPARING A 
MULTI-LAYER WIRING BOARD 

This application is a continuation of application Ser. No. 
08/107,007, ?led Aug. 17, 1993, now abandoned which is a 
division of application Ser. No. 07/763,248, ?led Sep. 20, 
1991, now US. Pat. No. 5,275,889. 

PROCESS FOR PREPARING A MULTI-LAYER 
WIRING BOARD 

1. Field of the Invention 

The present invention relates to a glass ceramic multi 
layer wiring board including a circuit pattern of an excellent 
conductor such as copper and having a low dielectric 
constant, and to a process for making a glass ceramic green 
sheet to be used in the multi—layer wiring board. 

2. Description of the Related Art 
To treat a large quantity of information at a high speed the 

frequency of the signal is increased and often an optical 
communication means is utilized. 

In a multi-layer wiring or circuit board having an electric 
circuit for treating such high speed signals, the retardation 
time 't of electric signals must be as short as possible and 
cross-talk between the conductor lines must be as low as 
possible, and accordingly, the electric constant e of the 
board must be small, as shown by the following formula (1): 

T=G“2/C (l) 

where e is the dielectric constant of the board and C is the 
velocity of light. Also, to lower transmission losses, it is 
necessary to form electric circuits on and in the board from 
a pattern of a metal material having a low electrical resis 
tance. 

In accordance with the present invention, it is proposed to 
use a glass ceramic as a board material, and copper as the 
electric circuit material. Green sheets containing a ceramic 
such as alumina (A1203, 6:0) and mullite (3Al2O3.2SiO2, 
e27) as a main component require a ?ring temperature of 
more than l000° C., but glass ceramic green sheets contain 
ing powders of such ceramic materials and of a glass such 
as a borosilicate glass as main components can be ?red at a 
temperature lower than 1000” C., which allows copper 
having a melting point of 1084° C. to be used as a circuit 
pattern conductor material 

Nevertheless, such glass ceramic boards have a dielectric 
constant of 4 to 6, which is not low enough to shorten the 
information retardation time. 
The present invention relates to a multi-layer circuit board 

of a glass ceramic material having hollow or porous silica 
glass spheres dispersed therein. Such board materials con 
taining dispersed hollow or porous spheres are known, as 
described below. 

Japanese Unexamined Patent Publication (Kokai) No. 
59-111345 discloses a circuit board of a ceramic material 
containing dispersed hollow spheres. Inorganic particles 
such as hollow alumina spheres are used as a hollow sphere. 

Japanese Unexamined Patent Publication (Kokai) No. 
62-206861 discloses a ceramic multi-layer board having an 
insulating layer in which hollow ceramic particles are dis 
persed in a ceramic matrix. The disclosed layer has a 
dielectric constant of less than 5 and a bending strength of 
more than 5 kg/mm2. The hollow ceramic particles which 
are used in this layer are hollow silica spheres, and the 
ceramic matrix is prepared from an originally amorphous 
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2 
material which forms crystals in the matrix when subjected 
to heat treatment, i.e., the matrix material becomes a crys 
tallized glass, to thus improve the strength of the board. 

Japanese Unexamined Patent Publication (Kokai) No. 
62287658 discloses a multi-layer laminated circuit board 
having alternate ceramic layers and wiring layers, in which 
the ceramic layers comprise a glass having a softened point 
lower than the melting point of the wiring layer. Hollow 
silica particles having diameters of less than 100 pm are 
dispersed in the glass matrixes. 

Japanese Unexamined Patent Publication (Kokai) No. 
2-83995 discloses a laminated multi-layer circuit board 
having alternate wiring layers and insulating layers. The 
insulating layers have two regions having different porosi 
ties, and the region having the larger porosity is in contact 
with a wiring layer. 

Japanese Unexamined Patent Publication (Kokai) No. 
63-358 discloses a material having a low dielectric constant 
in the form of a thick ?lm comprising a generally uniform 
mixture of hollow glass spheres and a glass ceramic mate 
rial. The hollow glass spheres, the glass ceramic material 
and an organic vehicle are mixed and coated on a support 
layer of, for example, alumina having a metal pattern formed 
thereon. The mixture is then dried to obtain an insulating 
board. 
As described above, many examples of the use of hollow 

spheres in an insulating matrix having been disclosed, but 
none of these disclosures reveal any countermeasure for the 
crystallization of silica spheres to form cristobalite thereby 
causing a rapid increase in the thermal expansion coe?icient 
of the matrix, or for the formation of pores in the surfaces 
of the silica spheres as a result of the heat treatment. The 
above publications, however, do reveal the concept of accel 
erating the crystallization of the silica spheres, to thus 
increase the strength of a board. 
A ceramic multi-layer board which includes an electric 

circuit of the sort required for high speed transmission of 
signals, as in a supercomputer, must satisfy the following 
conditions: 

(1) A metal material having low electrical resistance, such 
as copper, is used as the wiring or conductor material. 

(2) The dielectric constant is as low as possible. 
(3) The thermal expansion coe?icient of the board is close 

to that of a silicon semiconductor. 
Glass ceramic boards generally satisfy conditions (1) and 

(3), but do not satisfy condition (2). That is to say, the glass 
ceramics have a ?ring temperature of less than 1000° (1., 
thereby allowing the wiring pattern to be made of copper. 
The thermal expansion coe?icient of the board is caused to 
be close to the 3.5Xl0_6/° C. coe?icient of silicon by 
appropriately selecting the glass which is used as the starting 
material. For example, appropriate selections include boro 
silicate, lead borosilicate or aluminoborosilicate. Neverthe 
less, the dielectric constant is disadvantageously as high as 
4 to 6. 

Thus, the purpose of the present invention is to provide a 
multi-layer board which satis?es all of the above conditions 
(1) to (3), and wherein the dielectric constant is not higher 
than 4. 

SUMMARY OF THE INVENTION 

The foregoing object of the present invention is achieved 
by providing a multi-layer wiring board comprising a lami 
nate of glass ceramic layers and conductor patterns, wherein 
said glass ceramic layers are made of a glass ceramic 
material comprising a glass matrix having ceramic particles 
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dispersed therein. The ceramic particles comprise hollow or 
porous silica glass spheres which are dispersed in the glass 
ceramic matrix, and the hollow or porous silica glass spheres 
are covered with a ceramic coating layer containing alumi 
num as a constituent element. 

Ceramic green sheets for preparing the glass ceramic 
layers are made by combining and kneading hollow or 
porous silica glass spheres, glass powder, ceramic powder, a 
binder resin, a plasticizer and a solvent, and then forming the 
resultant slurry into ceramic green sheets. In accordance 
with the invention, the hollow or porous silica glass spheres 
are covered with a ceramic coating layer containing alumi 
num as a constituent element. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view of a multi»layer wiring 
board of the present invention; 

FIGS. 2 to 4 are photographs taken by an SEM of 
conventional silica spheres after being heat treated at 1100° 
C.; and 

FIG. 5 is an SEM photograph of silica spheres with an 
A1203 coating after being heat treated at ll00° C. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The hollow or porous silica glass spheres used in the 
present invention may also be called hollow or porous quartz 
glass spheres, because they contain more than 90% by 
weight, preferably more than 93% by weight, of silica, with 
the remainder being boron oxide or alkali metals, etc. 

Silica has a dielectric constant e of 3.8, the lowest among 
inorganic dielectrics, and the dielectric constant can be 
further reduced in a hollow or porous body of a composite 
of silica and air. The dielectric constant e of the composite 
is as shown below: 

(2) 

where e o is the composite dielectric constant, V1 is the ratio 
of the volume occupied by the dielectric having a dielectric 
constant e, (in this case quartz) to the total volume of the 
composite, and V2 is the ratio of the volume occupied by the 
dielectric having a dielectric constant e 2 (in this case air) to 
the total volume of the composite. 

Hollow silica glass spheres or hollow quartz glass spheres 
may be made by pyrolysis of an organic silicon compound 
such as methoxysilicate Si(OCH3)4 or ethoxysilicate 
Si(OC2H5)4. During such pyrolysis a constituent component 
is separated in the form of balloons. Such hollow silica glass 
spheres are sold, for example, under the trade name of 
“Microballoon” by Fuji Davison Chemical Ltd. The porous 
silica glass spheres or porous quartz glass spheres may be 
made by pulverizing a porous mass of silica or quartz. 
The hollow silica glass spheres have a softening tempera 

ture of 900° to 1000° C. or more, typically 950° C. 
Hollow silica or quartz glass spheres having a particle size 

larger than 100 um are used as a ?ller for concrete, or as a 
material for lowering the weight of resin articles. In accor 
dance with the present invention, hollow or porous silica 
particles having an average particle size not larger than 20 
pm are used instead of the ceramic particles used in a glass 
ceramic, to thereby provide a multi-layer glass ceramic 
board having a low dielectric constant. Thus, green sheets 

10 

25 

35 

40 

45 

50 

55 

60 

65 

4 
are made using hollow or silica spheres and glass, as main 
components. 
When hollow or porous silica spheres are used, however, 

the following problems arise: 
(1) When heated, silica spheres are phase transformed into 

cristobalite, i.e., a crystallization occurs and the thermal 
expansion coe?icient rapidly increases to about 1X10_5. 

(2) Since hollow silica spheres made by pyrolysis of an 
organic silicon compound having a softening temperature of 
about 950° C., which is lower than that of a ceramic such as 
alumina, it is necessary to raise the softening temperature to 
about 1050° C. to obtain a reliable board. 
To solve these problems, according to the present inven 

tion, the hollow or porous silica spheres are covered with a 
ceramic coating layer containing aluminum as a constituent 
element, and as a result: 

(1) Crystallization of the silica glass is prevented by the 
presence of the ceramic coating layer containing aluminum 
as a constituent element. Although this has not been con 
?rmed, it is assumed that the aluminum is diffused into or 
acts with the silica to prevent the crystallization of the silica 
glass, whereby a rapid increase in the thermal expansion 
coefficient and the formation of pores in the surface of the 
spheres, due to crystallization, are both prevented. 

(2) The presence of a ceramic coating layer on the hollow 
or porous silica spheres enables an improvement of the 
softening temperature of the hollow or porous silica spheres 
to 1050° C. 
The ceramic coating layer containing aluminum as a 

constituent element may be formed of alumina, mullite, 
spinel, aluminum nitride, etc., so long as it contains alumi 
num as a constituent element and is a ceramic having a 
softening or melting point higher than 1050" C. 
The ceramic coating layer containing aluminum as a 

constituent element may be formed on the surface of the 
hollow or porous silica spheres by any known process, for 
example, by a chemical vapor deposition (CVD) or pyroly 
sis, or by plating a metal layer onto the spheres and then 
applying heat to form an oxide, or by dipping the spheres in 
a slurry of a ceramic and then heating the same, etc. 
The surface of the hollow silica microspheres can be 

coated with an inorganic substance such as anAl2O3 ceramic 
by the sol-gel method. If the microspheres are to be coated 
with aluminum isopropoxide, Al[OCH(CI-I3)2]3 is used as a 
starting material. 
To coat the surface of hollow silica microspheres with an 

alumina ?lm according to the sol-gel method, 50 g of hollow 
silica microspheres having an average particle size of 10 um 
are added to a solution prepared from 100 g of 
Al[OCH(CH3)2]3, 140 g of CZHSOH, 80 g of H20 and 1.2 
g of HCl. The aluminum alkoxide solution is stirred to 
activate hydrolysis of the solution to some extent. When 
gelation of the solution has been initiated, the solution, 
including the hollow silica microspheres, is dried by spray 
drying. The resulting powder is heated to l00O° C. in air in 
an electric furnace so that the coating ?lm undergoes a 
dehydration-condensation reaction to thus give a compact 
alumina ?lm. 
The thickness of the ceramics coating layer is not critical. 
The hollow or porous silica spheres may be contained in 

an amount of up to 50% by volume, typically about 30% by 
volume, of the glass ceramic layer. 
The glass ceramic of the glass ceramic layers comprises 

glass and ceramic particles dispersed in the glass. The glass 
has a softening temperature of about 700° to 900° C., i.e., the 
glass is softened but not fused at the ?ring temperature of the 
glass ceramic layers. Such a glass may be, for example, 



5,593,526 
5 

borosilicate glass, lead borosilicate glass or aluminoboro 
silicate glass. Borosilicate glass typically has a relatively 
low dielectric constant of 4.1 to 4.6. 
The ceramic particles are used in the glass ceramic as a 

reinforcement and for prevention of crystallization thereof. 
Examples of the ceramic particles are alumina (e:l0), 
mullite (5:7), spinel, aluminum nitride, etc. The average 
particle size of the ceramic particles is generally up to 10 
um, preferably 3 to 4 pm, and the amount of the ceramic 
particles is generally up to 50% by volume, preferably 20 to 
40% by volume, more preferably 25 to 35% by volume, of 
the glass ceramic layer. 
The glass ceramic layer is made by ?ring a green sheet of 

the glass ceramic. The green sheet for the glass ceramic layer 
of the present invention may be made by combining and 
kneading hollow or porous silica glass spheres, a glass 
powder, a ceramics powder, a binder resin, a plasticizer and 
a solvent, and then forming the resultant slurry into a 
ceramic green sheet. As set forth above, the hollow or porous 
silica glass spheres are covered with a ceramic coating layer 
containing aluminum as a constituent element. 
The glass powders used have an average particle size of 

up to 10 um, preferably 2 to 3 pm, and the process used for 
making green sheets is the same as the conventional process 
except for the addition of the hollow or porous silica glass 
spheres. A typical thickness of the green sheet is 600 to 300 
pm. 
The green sheet is cut to a predetermined size and 

laminated alternately with conductor patterns, to thus form 
a laminate. The number of layers of the laminate is, for 
example 70 to 80, and after through holes are formed in the 
laminate, the laminate is ?red. 
A preferred conductor is copper, but white silver and 

platinum, etc., may be used. 
The ?ring temperature of a copper conductor is 900° to 

l0l0° C., typically 980° C., and the ?ring atmosphere is wet 
nitrogen, but air may be used for silver or platinum, etc. 
The glass ceramic green sheet comprising borosilicate 

glass and ceramic particles may be ?red at 1010° C., but if 
hollow or porous silica glass spheres without the ceramic 
coating layer of the present invention are added to the glass 
ceramic green sheet, the ?ring temperature should be low 
ered to 960° C., to ensure good densi?cation when sintered. 
If the density of the sintered board is lowered, the strength 
of the board is lowered and the water absorption rate is 
increased, and thus the reliability of the board is lowered. 
Nevertheless, by incorporating hollow or porous silica glass 
spheres covered with the ceramic coating layer of the 
present invention into the glass ceramic green sheet, the 
?ring temperature may be, for example, 980° C. to 1010° C., 
and the board can be densely sintered without the occurrence 
of problems such as crystallization of the silica spheres. 
When manufacturing a multi-layer board, the top and 

bottom surfaces are polished to provide a smooth surface on 
which a circuit pattern is to be formed. If the glass ceramic 
contains hollow or porous spheres, and the surfaces of the 
board are polished, pores will be formed in the surfaces of 
the hollow or porous spheres and the surfaces of the board 
will be roughened. To solve this problem, a small number of 
glass ceramic layers comprising a glass ceramic and ceramic 
particles, but not containing hollow or porous spheres, are 
further laminated at both surfaces of the laminate of glass 
ceramic layers comprising a glass ceramic and ceramic 
particles as well as hollow or porous spheres, and thus the 
surfaces of the laminate or board remain smooth after 
polishing. Of course, the content of ceramic particles in the 
layers on opposite sides of the board may be increased, 
because the hollow or porous spheres are eliminated. 
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6 
FIG. 1 shows the structure of a multi-layer wiring board 

of the present invention. In FIG. 1, the body of the multi 
layer wiring board 1 comprising a laminate of wiring layers 
(not shown) and glass ceramic layers containing hollow 
silica spheres 2. Glass ceramic layers 3 and 4 are formed on 
both surfaces of the body of the multi-layer wiring board 1 
and polished. A circuit pattern of a conductor 5 is formed on 
the polished surfaces and LSIs 6 are mounted on the circuit 
pattern. 

EXAMPLES 

Example 1 

Hollow silica spheres (Microballoons sold by Fuji Davi 
son Chemical Ltd.) have an average particle size of 20 um 
and aluminum sulfate Al2(SO4)3 were mixed and dried so as 
to deposit an aluminum sulfate layer AIZ(SO4)3 on the 
surfaces of the hollow silica spheres. The spheres were then 
heated at 1000° C. to obtain hollow silica spheres having a 
layer of A1203 coated on the surfaces thereof. 

The following composition was kneaded and formed into 
a green sheet having a thickness of 300 pm, by a doctor 
blade method. 

Coated hollow silica spheres 100 g 
Borosilicate glass 200 g 
Mnllite particles 200 g 
Polyvinyl buthylal (binder) 50 g 
Dibutylphthalate (plasticizer) 30 g 
Methylethylketone (solvent) 50 g 
Acetone (solvent) 100 g 

In this green sheet, a wiring pattern and through holes 
were formed using a Cu paste, 30 of the obtained green 
sheets were formed into a laminate. Green sheets made using 
silica particles instead of the hollow silica spheres were 
further laminated on the top and bottom surfaces of the 
laminate. The laminate was then subjected to isostatic press 
ing at 10 MPa and heating in a nitrogen atmosphere at 1000° 
C., to obtain a multi-layer glass ceramic wiring board. 
The thus obtained multi-layer glass ceramic wiring board 

was not deformed, and the silica spheres inside the board 
were not crystallized. The dielectric constant of the board 
was 3.5, and the board thus was suitable for use as a wiring 
board for high frequency transmission. 

Example 2 

The procedures of Example 1 were repeated to obtain a 
multi—layer glass ceramic wiring board, except that alumi 
noborosilicate glass was used instead of borosilicate glass. 
The thus obtained multi-layer glass ceramics wiring board 

was not deformed and the silica spheres inside the board 
were not crystallized. The dielectric constant of the board 
was about 3.5, and the thermal expansion coe?icient of the 
board was 3.5xl0_6, i.e., the same as that of silicon. 

FIGS. 2 to 4 are photographs of silica spheres without a 
ceramic coating after heat treatment at 1100” C. taken by an 
SEM. The enlargement magnitudes of the SEM photographs 
are x500 in FIG. 2, X1000 in FIG. 3, and X5000 in FIG. 4. 
These photographs of FIGS. 2 to 4 clearly show the phase 
separation and pores. FIG. 5 is a photograph of silica spheres 
with an A1203 coating after heat treatment at 1100° C., taken 
by an SEM at a magnitude of X1000. The photograph of FIG. 
5 shows that no phase separation occurred and pores formed. 
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We claim: 
1. A process for producing a multi-layer wiring board 

having a dielectric constant not higher than 4 and which 
comprises alternate layers of a glass ceramic material and 
conductor patterns, said glass ceramic material layers each 
being made up of a ?red admixture comprising a glass 
ceramic matrix and a multitude of ceramic particles dis 
persed in the glass ceramic matrix, said process comprising: 

providing a multitude of ceramic particles comprising 
porous or hollow silica glass spheres having an average 
diameter of not more than 20 pm, said spheres being 
covered with an aluminum containing ceramic coating 
layer which prevents crystallization of the spheres as a 
result of a ?ring process for sintering the glass ceramic 
layers and which raises the softening temperature of the 
spheres to a temperature higher than a ?ring tempera 
ture of a ?ring process required to produce a highly 
reliable multi-layer wiring board; 

mixing glass powders, said multitude of ceramics par 
ticles, a binder resin, a plasticizer, and a solvent to 
thereby form a slurry; 

fonning said slurry into ceramics green sheets; 
cutting the ceramics green sheets to a predetermined size 

and forming through holes therein; 
forming a conductor pattern on the ceramics green sheets; 
stacking the green sheets having the conductor patterns 

thereon on and the through holes therein to present a 
laminate structure; 

subjecting said laminate structure to isostatic pressing; 
and 

?ring the isostatically pressed laminate structure at a 
temperature of from 980° C. to 1010’ C. 

2. A process for producing a multi-layer wiring board as 
set forth in claim 1, said process further comprising: 

forming a second slurry by mixing glass powders, ceram 
ics powders which are not the same as said ceramic 
particles, a binder resin, a plasticizer, and a solvent; 

forming said second slurry into second ceramics green 
sheets; 

cutting the second ceramics green sheets to a predeter 
mined size and forming through holes of copper, silver 
or platinum therein; 

placing respective second ceramics green sheets at the top 
and bottom of said laminate structure prior to said 
isostatic pressing whereby the ?red laminate structure 
has a second glass ceramic layer on each side thereof; 

polishing the second glass ceramics layers of the ?red 
structure; and 

forming a circuit pattern on at least one of said polished 
surfaces. 

3. A process according to claim 1, wherein said ceramic 
coating layer is alumina, mullite, spinel or aluminum nitride. 

4. A process according to claim 1, wherein said silica glass 
spheres comprise more than 90% by weight of silica. 

5. A process according to claim 1, wherein said silica glass 
spheres comprise not more than 50% by volume of a 
respective glass ceramic layer. 

6. A process according to claim 1, wherein said glass 
ceramic material has a softening temperature in the range of 
from 700° to 900° C., said ceramic particles have an average 
particle size of not more than 10 pm, and said particles 
comprise not less than 10% by volume of the glass ceramic 
material layers. 
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8 
7. A process according to claim 1, wherein said conductor 

patterns are copper. 
8. A process according to claim 1, wherein said silica glass 

spheres comprise not more than 50% by volume of a 
respective ceramics green sheets. 

9. A process according to claim 1, wherein said silica glass 
spheres are coated with said aluminum containing ceramic 
coating layer by chemical vapor deposition (CVD). 

10. A process according to claim 1, wherein said silica 
glass spheres are coated with said aluminum containing 
ceramic coating layer by pyrolysis. 

11. A process according to claim 1, wherein said silica 
glass spheres are coated with said aluminum containing 
ceramic coating layer by plating a metal layer and then 
applying heat thereto to form an oxide. 

12. A process according to claim 1, wherein said silica 
glass spheres are coated with said aluminum containing 
ceramic coating layer by dipping the spheres in a slurry of 
a ceramic and then heating the same. 

13. A process according to claim 1, wherein said silica 
glass spheres are coated with said aluminum containing 
ceramic coating layer by a sol~gel method using an organic 
aluminum compound and spray-drying and then heating the 
same. 

14. A process according to claim 1, wherein said silica 
glass spheres are coated with said aluminum containing 
ceramic coating layer by dipping the spheres in an inorganic 
aluminum compound solution and drying and then heating 
the same. 

15. A process according to claim 1, wherein said conduc~ 
tor patterns are silver. 

16. A process according to claim 1, wherein said conduc 
tor patterns are platinum. 

17. A process for producing a green sheet for use in 
preparing a glass ceramic material for a multi-layer wiring 
board having a dielectric constant not higher than 4 and 
which comprises alternate layers of a glass ceramic material 
and conductor patterns, said green sheet comprising an 
un?red admixture of a glass powder and a ceramics powder 
including a multitude of ceramic particles dispersed in the 
admixture, said process comprising: 

providing a multitude of ceramic particles comprising 
hollow or porous silica glass spheres having an average 
diameter of not more than 20 pm, said spheres being 
covered with an aluminum containing ceramic coating 
layer which prevents crystallization of the silica glass 
spheres as a result of a ?ring process for sintering the 
glass ceramic layers and which raises the softening 
temperature of the spheres to a temperature higher than 
a ?ring temperature of a ?ring process required to 
produce a highly reliable multi-layer wiring board; 

mixing glass powders, said multitude of ceramics par 
ticles, a binder resin, a plasticizer, and a solvent to 
thereby form a slurry; and 

fonning the slurry into ceramics green sheets. 
18. A process according to claim 17, wherein said ceramic 

coating layer is alumina, mullite, spinel or aluminum nitride. 
19. A process according to claim 17, wherein said silica 

glass spheres comprise more than 90% by weight of silica. 
20. A process according to claim 17, wherein said silica 

glass spheres are coated with said aluminum containing 
ceramic coating layer by chemical vapor deposition (CVD). 

21. A process according to claim 17, wherein said silica 
glass spheres are coated with said aluminum containing 
ceramic coating layer by pyrolysis. 
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22. A process according to claim 17, wherein said silica 
glass spheres are coated with said aluminum containing 
ceramic coating layer by plating a metal layer and then 
applying heat thereto to form an oxide. 

23. A process according to claim 17, wherein said silica 
glass spheres are coated with said aluminum containing 
ceramic coating layer by dipping the spheres in a slurry of 
a ceramic and then heating the same. 

24. A process according to claim 17, wherein said silica 
glass spheres are coated with said aluminum containing 

10 
ceramic coating layer by a sol-gel method using an organic 
aluminum compound and spray-drying and then heating the 
same. 

25. A process according to claim 17, wherein said silica 
glass spheres are coated with said aluminum containing 
ceramic coating layer by dipping the spheres in an inorganic 
aluminum compound solution and drying and then heating 
the same. 
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